D
isease management can improve chronic disease outcomes and reduce health care costs. Currently, 96% of the top 150 commercial payers provide some form of disease management services to their patients 1 . Published reviews on the impact of such programs for diabetes have been mixed 1, 2 .
Diabetes affects the poor and members of ethnic/racial minorities at a higher rate than other groups [3] [4] [5] . These populations have worse adherence to self care 6, 7 , worse diabetes control, and higher rates of serious diabetes-related complications 8 .
Adherence to a diabetes treatment regimen can be daunting for the most health-literate and motivated patient. For some, such as the poor, the depressed, the low literate, or the non-English speaker, it can be even more challenging.
Disease management, emphasizing self-management, adherence, and frequent contact outside the medical setting, would seem to be ideally suited to improve outcomes for underserved patients with diabetes. To test this hypothesis, we designed a telephonic diabetes disease management protocol in a Community Health Center. This program was implemented within the health center, using health center staff directly connected through an electronic health record to the primary care team. The intervention was tailored to meet the cultural and linguistic needs of a medically underserved, predominantly Hispanic population. and 25% have no medical insurance. Primary medical care is provided by internists, family practitioners, pediatricians, and nurse practitioners. Onsite mental health, podiatric, and dental care are available. The intervention was conducted from a centralized call center and was offered to patients with type 2 diabetes at the two largest CHC clinics. Both clinics are similar in size, services, and setting.
Staff. Specialized nurses were trained to provide the intervention by a consultant with experience in the commercial disease management industry. Self-management training was conducted by a "master trainer" in the Chronic Disease Self-Management Program from Stanford University. The nursing staff conducted the calls from a call center or from home using a Virtual Private Network (VPN) connection link to the EHR. Patient enrollment and data collection were managed by a research assistant not involved in the provision of the intervention.
EHR. Nurses documented their telephone encounters in the patient's electronic medical record. Templates allowed realtime documentation. Notes were forwarded to the primary care provider for co-signature.
Enrollment. All patients with type 2 diabetes age 18 and over from the two participating sites were eligible for the study. Patients were excluded if they were (1) unwilling/unable to give informed consent, (2) spoke primarily a language other than English or Spanish, (3) did not have a telephone, (4) were active substance abusers, or (5) had a mental or physical impairment that would prevent them from engaging in the calls or in diabetes self-management activities. Using a list generated from the practice management system, the research assistant attempted to contact all eligible patients by letter and/or telephone and invite them to participate in the study. Those interested scheduled an appointment with the research Figure 2 . Flowchart for enrollment, randomization, and follow-up of study participants.
assistant. Those who remained interested after the information session signed an informed consent. All patients in the study received a $25 gift card to a local store after completing their 6-and 12-month assessments. Patients were considered lost to follow-up if they transferred care to another location, could not be contacted by telephone after three attempts, or failed to return for their 6-or 12-month assessments.
Randomization. Once enrolled, patients were block randomized in groups of four by a computerized algorithm to receive the intervention plus usual care or usual care alone. Patients randomized to usual care continued to receive primary care at CHC.
Assessment. Patients were assessed at intake, 6 months, and 12 months into the study. Baseline demographic information was collected at intake. Patients rated their overall health as excellent, very good, good, fair, or poor. The presence of depressive symptoms was assessed using the Patient Health Questionnaire-9 (PHQ-9) 9 . Validated surveys in English and Spanish were used to assess dietary habits and physical activity, the Brief Dietary Assessment 10 , and the Rapid Assessment of Physical Activity (RAPA) 11 , respectively. Height, weight, blood pressure, lipid levels, and hemoglobin A1C levels were measured at each assessment. Intervention. Patients in the intervention received 1 year of telephonic disease management. Call content was semistructured. Calls were unscripted, allowing the nurse to address each patient's individual needs, whether related to diabetes or other topics. Nurses had wide latitude to discuss the topics raised by the patient while also covering the following items in a more structured fashion:
1. brief clinical assessment 2. self-management: including diet, exercise, stress reduction, smoking cessation, readiness assessment, and development of specific self-management goals 3. medication adherence: problem solving to help improve adherence 4. glucose monitoring and review of home glucose monitoring results
Intervention fidelity was monitored by chart review conducted by the project coordinator.
Patients were called weekly, bi-weekly, or monthly depending on their risk stratification (Fig. 1) . Patients could be reassigned to receive more or fewer calls if their risk stratification changed at the 6-month assessment or if the patient requested a change in call frequency. Nurses also mailed educational materials to patients covering various topics discussed during the calls. This material was in English and Spanish, and at a fourth grade reading level.
Statistical Methods. Analysis was based on the intention-totreat principle with subjects analyzed in the group to which they were randomized and the modified intent-to-treat analysis population with at least one post randomization HbA1c measure. An enrollment target was made based on power calculations to detect a change in hemoglobin A1C of 0.7 or more. Two hundred seventy-four patients (with 137 in each arm) in total were sufficient to detect a minimum difference in mean changes of 0.7% in HbA1c at 80% power and 5% significance level assuming standard deviations of 2.1% for HbA1c. The total recruitment of 300 patients was needed to account for 10% loss to follow-up. Baseline characteristics were compared between intervention groups using either a Pearson's chi-square test or Fisher's exact test for categorical data, and a Wilcoxon rank sum test or Student's t test for ordinal or continuous data, respectively.
For the analysis of the primary outcome, HbA1c, a mixedmodel repeated-measures analysis of covariance (implemented with the use of SAS PROC MIXED), was used to compare intervention groups at each assessment point (months 6 and 12) 12 . Models included fixed effects for intervention, time, and their interaction, as well as baseline HbA1c. Residual correlation from repeated measures was accounted for by an unstructured covariance pattern. This analysis assumes that missing data were missing at random (i.e., missing values may be dependent on observed but not on unobserved data) and is more robust than other alternatives such as Last Observation Carried Forward (LOCF) 13 . Sensitivity analyses were also performed using LOCF, which produced similar conclusions and thus are not presented. Ad hoc subgroup analyses were also performed to determine whether the impact of the intervention was modified by initial HbA1c category, current depression, Spanish speaking only, and lower education level. The interaction test between intervention and these potential moderators was performed.
Secondary clinical or behavioral outcome measures, including BMI, systolic or diastolic blood pressure, and LDL cholesterol, were also assessed with the use of mixed-model repeatedmeasures analysis of covariance. Generalized estimating equations (GEE) with a negative binomial distribution were used to compare the intake of fruits and vegetables. For the perceived health status and physical assessment outcomes, GEE cumulative logit regressions with the assumption of proportional odds were used to compare intervention groups. Data across all postrandomization measurement times were used with adjustment for baseline values as a covariate.
Analyses were performed with the use of SAS software, version 9.1.3 (SAS Institute, Cary, NC). All comparisons were planned, and tests were two-sided. A P value of less than 0.05 was considered to indicate statistical significance.
RESULTS
From 1,754 patients with type 2 diabetes potentially eligible for the study, 297 signed an informed consent, and 146 were randomized to receive the intervention and 149 to the control Figure 2 shows details of the selection process. There were no significant differences in the two groups at baseline with regard to sociodemographic variables. However, the control group had a significantly higher baseline average HbA1c than the intervention group (8.4±2.33 vs. 7.6±1.75, p=0.006). All other clinical variables were similar between the two groups (Tables 1 and 2 ). Of those patients who were randomized, 115 (79%) in the control and 94 (64%) in the intervention group completed the 1-year study. The most common reason for not completing the study was the patient's being lost to follow up.
Evaluation of Intervention on HbA1c. After adjusting for differences in baseline HbA1c, we found no significant difference in the primary outcome (HbA1c) between the intervention and control groups at 12 months based on the modified intention to treat analysis population [controlintervention 0.083 (−0.25, 0.41)] (Fig. 3 and Table 3 ). The confidence interval for the treatment difference was consistent with the absence of a clinically relevant intervention benefit (i.e., 0.5 or greater). Analyses by baseline HbA1c group demonstrated no significant difference in the effect of the treatment across these subgroups (Fig. 3, p=0 .989). Group differences at 12 months were: 0.14, (−0.27, 0.56), p=0.50; 0.32, (−0.10, 0.73), p=0.14; and −0.23, (−1.28, 0.81), p=0.66 in those with good (Hba1c <7.0), moderate (Hba1c 7.0-9.0) and poor (Hba1c >9.0) control at baseline, respectively.
Evaluation of Intervention on Secondary Outcomes. No significant differences were observed between the intervention and control group at 12 months for secondary clinical or behavioral outcome measures (Table 3 ). In addition, perceived health status and self-reported rates of physical activity did not vary between treatment and control groups (Table 4) .
Subgroup Analyses. Additional sub-group analyses were performed to determine whether patients with depression, Spanish speakers, or those with lower educational attainment were more likely to benefit from the intervention ( Table 5 ). None of the interactions between intervention and these potential moderators was significant (p=0.4, 0.27 and 0.91 respectively).
Patients with an established diagnosis of depression did show a trend towards benefit after 12 months of intervention, but this finding did not achieve statistical significance.
DISCUSSION
This telephonic disease management intervention for underserved patients with diabetes showed no significant benefit on a wide variety of primary and secondary clinical and behavioral outcomes. Interval estimates for the primary outcome variable, glycemic control, excluded a clinically significant difference in HbA1c. While not powered to evaluate subgroups, our analysis did not find variation in HbA1C results based on baseline glycemic control. There are several possible explanations for the lack of treatment effect. It is possible that the 1-year duration was insufficient to realize benefits from an intervention geared at promoting lifestyle changes. Such changes may take time to enact and show benefit, and HbA1c lags behind actual improvement. However, commercial disease management providers have claimed that such benefits accrue rapidly, with interventions similar in design to our own.
The inclusion of medication management and titration might have strengthened the impact of the intervention. We chose to emphasize medication adherence rather than medication management based on our hypothesis that poor adherence was more critical to improving diabetes care in a population already well managed by the primary care providers. Overall and baseline HbA1c group-specific treatment differences and 95% confidence intervals for HbA1c. Differences in least squares means between control and intervention at 12 months with 95% confidence intervals for the overall treatment effect and the treatment effect for subgroups of baseline HbA1c. The band represents a clinically important difference in HbA1c of ±0.50%.
We chose to enroll patients with all levels of glycemic control. Several successful diabetes disease management trials in different settings from ours have focused on patients with elevated HbA1Cs [14] [15] [16] . This decision was made due to uncertainty as to which patients might benefit most from disease management. Patients with good control may be the most motivated to learn self-management skills and better maintain control over time. Alternatively, those with the highest HbA1C might have the most need for disease management but be less motivated or able to engage in self-management.
Patients in both the intervention and the control received high quality "usual" diabetes care, likely superior to that found in many other primary care settings. Usual care included access to diabetes education and self-management, a welltrained, bilingual staff, use of an electronic health record, and strong organizational structure emphasizing quality, continuity, and access. It is possible that an intervention such as this would be more beneficial to patients without access to this level of "usual care."
It also may be that our intervention was not integrated enough with primary care. Our call center was physically removed from the clinical areas, and nurses did not have faceto-face or scheduled contact with patients, providers, and care teams. The Medicare Care Coordination demonstrations project suggested that substantial face-to-face contact in addition to telephonic contact was needed to improve outcomes 17 .
Rothman et al. 14 showed improved intermediate diabetes outcomes in underserved patients with an intervention emphasizing intensive face-to-face support from pharmacists and case managers. Nearly 35% of the patients carried a diagnosis of depression, and just over 50% had a history of depression. Patients with diabetes and depressive symptoms have worse adherence to self-care guidelines 6, 7 , glycemic control, and higher rates of diabetic complications [18] [19] [20] . Although patients had access to on-site mental health services in both the intervention and control, the intervention itself was not designed to manage depression. The higher dropout rate in the intervention group could have biased the treatment comparison. However, in this case it is unlikely that the higher dropout rate in the intervention group resulted in the treatment effect equivalence as this requires those dropouts in the intervention group to be the ones improving with intervention. The baseline HbA1c was compared between individuals who dropped out and those were not lost to follow-up, and no significance was found (8.0± 2.03 in those not lost to follow-up vs. 8.08±2.44 in those who dropped out).
Randomization failed to achieve an even distribution between groups with regard to HbA1C. This effect was most pronounced in the subgroup with HbA1C>9, which might have been expected to benefit most from the intervention. While appropriate statistical adjustments were made to account for these baseline differences, this inequity remains a limitation of the study.
The program was grounded on the principals of empowerment and self-management, which have been shown to improve diabetes outcomes in diverse populations [21] [22] [23] [24] [25] [26] [27] [28] . The flexible approach taken by the nurses over the phone in using these techniques was a strength, but also a weakness, making it more difficult to evaluate or replicate. Primary care in a community setting requires a great deal of adaptability to changing circumstances. We chose to embed this concept in the telephonic intervention to give the nurse maximum latitude to address patients' specific needs, even if they were outside the realm of diabetes care. In so doing, it was not possible to assess the fidelity of the intervention through checklists or process measures. We specifically chose to avoid checklists for fear that it would inhibit the nurse from addressing each patient's needs in a patient-centered rather than disease-centered manner.
Lack of blinding of the primary care providers and the presence of control and intervention patients in the same clinics were additional weaknesses, which may have led to contamination.
In summary, our randomized controlled trial provided telephonic disease management to underserved, largely Spanish-speaking patients with diabetes. Despite a strong emphasis on cultural and linguistic competence, a flexible, telephone-based intervention, and use of a common electronic health record to link providers with call center nurses, the 
